Rural water supply services in Tanzania are still inadequate. Despite the substantial resources invested to provide safe water, there is a significant number of water points that are non-functional.
INTRODUCTION
One of the key issues leading to the establishment of 'Ujamaa' villages in Tanzania (a type of African socialism) in 1967 was the quest to give clean water to all citizens. It was argued that gathering people in villages would ease and facilitate the provision of community services such as water, schools, security, hospitals, etc. As it turned out, most people expected the Government to provide such services free of charge, but to do so became too expensive for the Government of Tanzania to sustain. Despite the substantial resources invested in Tanzania to provide safe water and improve sanitation since the 1990s, the WPM report by the GeoData Consultancy Company () indicated that 28,215 out of 74,250 rural water points in Tanzania are non-functional. This is about 38% of the constructed water points in the country. The report also showed that most of the water points became non-functional even before the end of the design period.
Sustainability and functionality of water points sometimes have not been clearly differentiated. Most studies conducted on sustainability of water points focus on functionality of the water points. A water point is functional if it is actually in use by the local community at a particular point in time (WaterAid Tanzania ). On the other hand, a water point is sustainable if the water sources are not over-exploited but naturally replenished, facilities are maintained in a condition which ensures a reliable and adequate water supply, the benefits of the supply continue to be realized by all users indefinitely, and the service delivery process demonstrates a cost-effective use of resources that can be replicated (WaterAid Tanzania ). The two concepts are, however, closely related, but good sustainability should enhance functionality.
The concept of sustainable development has been in the rhetoric for nearly a quarter of a century without much empirical content. It was virtually an 'empty box' empirically except in sector-specific analysis such as fisheries and forestry. Water resource professionals even considered that its (sustainability) 'usefulness, irrespective of its conceptual attraction and widespread acceptance, can only be marginal, unless it can be used operationally and effectively in the real world' (Biswas ) . In this context two aspects of measurement of sustainability are of particular interest to policy makers, sector specialists and development professionals. First, such an attempt provides the framework for 'the development process, which could be planned and implemented in such a way that it could become inherently sustainable' (Tortajada ) . The second equally important aspect of such an empirical exercise is to identify the parameters that should be monitored and evaluated continuously so that timely intervention reverses the transition of systems from sustainability to non-sustainability. We are more concerned about this 'transition process' of systems towards non-sustainability so that timely public and institutional intervention could reverse the process.
Studies assessing the extent of the sustainability and influencing factors for rural water supply services are lim- (i) Source: Source refers to a source of natural water -surface or sub-surface -from which water is extracted, treated and distributed to the needy community. A perennial water source is a prerequisite for sustainability of a system.
(ii) Technology: Technology refers to the devices used to extract water from source, process and deliver it to the users. Right selection of technology is important in the sustainability of the system. It may be noted that its impact on sustainability can be measured only through its interaction with other factors such as water source, quality etc.
(iii) Quality: The broad parameter that affects the potable supply of water is its quality. The relevance of quality to sustainability depends on two aspects: First, water extracted from the source should be amenable to treatment to attain potable standards before delivery to consumers; Second, even if the quality of water is good at delivery point, the users should also perceive that the quality is good. If both dimensions are not met, then the system is non-sustainable. Table 1 .
Water sources for water projects in Tanzania are mainly shallow wells, boreholes, springs, lakes, and rivers. Due to decline in water sources from rivers, shallow wells, and springs in many parts of the country, people are reverting to the use of boreholes as alternative source of water for water supply projects. This is especially practiced in the semi-arid region, which covers about 16% of the area of Tanzania.
Understanding of the index of sustainability of water points and contributing factors enables policy makers to make right decisions and design interventions to ensure the sustainability of water services. The purpose of this study is to determine the relationship between sustainability index of water points and influencing factors, which include: water quantity, water quality, institutional setting, and financing of water schemes in Dodoma region. The issues of technology and human behaviour are not considered in the assessment in this study due to lack of information.
METHODOLOGY Study area

Dodoma region lies between 4
W to 8 W latitudes and 35 W to 37 financing of projects. Only water points whose sources are from boreholes were considered.
Distribution of water points in Dodoma LGAs
The total number of water points used in analysis is 1,371 out of 1,534 water points. The distribution of these water points is provided in Table 2 . About 69.1% of 1,371 water points that were used in this study have good quality, while 47% of these have adequate water quantity. Financing of the projects in Dodoma region is from 81% of water points. The reported meetings for institutional strengthening with regard to water issues were conducted to 99% of water points studied.
Sustainability model by fuzzy sets
Fuzzy sets are sets whose elements have degrees of membership. Fuzzy sets were introduced by Zadeh (), who noted that there are classes of objects that do not have precisely defined criteria of membership but rather, can be characterized by a continuum of grades of membership. In classical set theory, the membership of elements in a set is assessed in binary terms according to a bivalent conditionan element either belongs or does not belong to the set. In contrast, fuzzy set theory permits the gradual assessment of the membership of elements in a set. This is described with the aid of a membership function valued in the real unit interval If S is a fuzzy set and x is a relevant object, the statement 'x is a member of S' is not necessarily either true or false, as required by classical dual logic, but it may be true only to some degree, the degree to which x is actually a member of S. Fuzzy sets have imprecise boundaries that facilitate gradual transition from membership to non-membership and vice versa. In itself, the fuzzy set theory is not multidimensional. A theory of multidimensional sustainability analysis using fuzzy sets
Let X be a set of n water points and S, a fuzzy subset of Xthe set of sustainable water points. In the fuzzy sets approach, the value of the degree of membership x ij of the set of sustainable water point i with respect to attribute j;
, is defined as: 
Assignment of variables
Assigning values of the membership function to each water point for each attribute depends on the type of variable/attribute being analyzed (in our case, whether the variable is dichotomous or ordinal).
Dichotomous variable: For a dichotomous variable, the degree of membership of the i th water point (i ¼ 1,…, n) with respect to the j th attribute ( j ¼ 1, …., m), to the fuzzy subset S is defined as:
x ij ¼ 0; if water point i is absolutely non-sustainable with respect to the j th attribute, x ij ¼ 1; if water point i completely belongs to the set of sustainable water points with respect to the j th attribute.
Ordinal variable: Suppose the variable X has m categories ranked from the category with a high sustainability to the one with a lower sustainability (or the reverse). We assign a score x k to each category corresponding to the rank of that category. In this case, values of the membership function, μ S (a i ), are defined as:
where x max , j and x min,j represent the two thresholds (or extreme values). The value x max,j represents the extreme threshold under which the individual water point is seen as sustainable in the dimension represented by the attribute j, and x min,j is the threshold above which the water point is unsustainable in the said attribute. The water point i is partially sustainable in cases where x ij lies between the two thresholds. For instance, the adequacy of quantity of water from the source has ordinal type of attribute; having adequate, partially adequate, and adequate quantity of water.
The m categories (adequate, partially adequate, and not adequate) are ranked from the category with a high sustainability to the one with a lower sustainability of 3,2,1. With regard to Equation (1), a score x max ,j ¼ 3 is assigned to water points with adequate water sources. The score of x i,j ¼ 2 is assigned to water points whose water sources are partially adequate, and a score of x min ,j ¼ 1 to water points whose water sources have inadequate quantity of water. From Equation (1), the value of the membership function μ S (a i ) is 0.5 for all water points having partially adequate water sources.
Determination of sustainability indices
Sustainability indices of water points in this study are determined using the 'fuzzy sets' method by Zadeh (). Having computed the value of its membership function for each water point i, the multidimensional sustainability index of the set of rural water points can be computed by aggregating the values of the membership functions across the m attributes.
The sustainability index of water points in a given LGA with respect to attribute j (in this study j ¼ quantity of water, quality, institution with regard to meeting, and financing of water project) is determined by (Zadeh ):
where μ S (X j ) is the degree of sustainability of the j th attribute for the entire population of n water points in a given area (in our case the LGA).
In the case of a sample of survey data, n i is the frequency of X j in the total population. Hence P n i¼1 n i ¼ n. If the data are obtained from a random sample of water points, the weights will be constant, and n i = P n i¼1 n i ¼ 1=n. The multidimensional sustainability index μ S of the water points, sometimes defined as the global sustainability index, with respect to all attributes in a given LGA as the weighted average of μ S (X j ), with weight w j is given by (Zadeh ):
where:
The composite multidimensional sustainability index, μ S , is a monotonic increasing function of the degree of sustainability of each water point. The increase in sustainability of a subset of the water points, other things remaining unchanged, results in an increase in the value of the composite sustainability index μ S . The absolute contribution of the j th attribute to the multidimensional sustainability index by Zadeh () is:
For the estimation of the global overall sustainability index in the region, S, Equation (4) is applied by treating all water points in the region as a single LGA.
Sustainability classification
In this study, for classification purposes we consider water points in a given LGA when the calculated index of sustainability is below 0.50 to be non-sustainable. The water points are considered to be in transition when the index of sustainability ranges between 0.50 to 0.70; and sustainable when the calculated index of sustainability has a value above 0.70.
DATA ANALYSIS AND RESULTS
Assignment of variables
In order to determine the Index of Sustainability for each
LGA, the variables for sustainability were assigned a value of degree of sustainability. The quantity of water at the source was considered to be an ordinal variable with attributes of either adequate, partially adequate, or not adequate, as indicated in Table 1 and Table 2 . Values of the membership function μ S (a i ) were defined as presented in Equation (1). A score of x i,j ¼ 1 was assigned to water points whose sources of water had adequate quantity of water, and a score of x i,j ¼ 0:5 was assigned to partially adequate water sources; while x i,j ¼ 0 was assigned to water points having inadequate water sources. In this case, the number of water points in each category was defined. For instance, in the case of Kongwa LGA where the total number of water points n ¼ 289, the frequency of occurrence of water points with adequate source of water is n i ¼ 83, while the frequency of occurrence of water points was n i ¼ 63 and n i ¼ 143 for partially adequate and not adequate sources, respectively.
The dimensions of sustainability with regard to water quality, conducting meetings to strengthen institution for water management, and financing of water supply services were considered to be dichotomous variables. A score of either x i,j ¼ 1 was assigned to water points that satisfied the requirement of the attribute or x i,j ¼ 0 for those that did not comply. The frequency of occurrence of each category of the attributes was defined. For instance, in the case of Kongwa LGA the frequency of occurrence of water points with good water quality is n i ¼ 20 and that with poor quality is n i ¼ 269. In the same manner, the frequencies of the variables for conducting meetings and financing status were defined.
Determination of sustainability indices
The sustainability indices with respect to a given attribute j, μ S (X j ) of water points in a given LGA were computed using Equation (2); and the multidimensional sustainability index μ S of water points in LGA with respect to all attributes was determined by using Equations (3) and (4). The results are presented in Table 3 .
The results in Table 3 services. This is revealed in the data of Table 2 and the index of water quantity in Table 3 .
The global overall sustainability index, S, for Dodoma region was determined by Equations (3) and (4) by treating all water points in the regions as a single LGA. The Dodoma regional overall sustainability index is 0.68 (Table 4 ). The contribution of each attribute to the regional overall sustainability index was computed by Equation (5).
The results for each attribute contribution to the overall sustainability index, S, are presented in Table 4 . This means that improvement in water quantity in LGAs of Kongwa, Chamwino and Dodoma urban will bring a significant contribution to the overall sustainability index in the region. This is revealed also in the data of Tables 2 and 3 .
CONCLUSIONS
The fuzzy set concept has been employed in this study to determine the degree of sustainability of rural water supply services in Dodoma region of Tanzania 
